Abstract
Introduction
Measles is a highly contagious disease 1, 2 caused by infection with a virus belonging to the genus Morbillivirus of the family Paramyxoviridae 3 . The infection manifests itself clinically as fever and exanthema, followed by coughing, conjunctivitis or coryza 2, 4, 5 . Deaths can occur as a result of complications such as pneumonia, diarrhea, malnutrition, middle ear infection and encephalitis. Permanent neurological sequels can also occur, including deafness and blindness 2, 6 .
Vaccination with a safe and effective vaccine which has been available since the beginning of the 1960s is the most cost-effective public health intervention for preventing this disease 4, 6 . In 2001, countries covered by the World Health Organization Regional Office for Africa (WHO/ AFRO) were included in a global initiative to reduce the number of deaths from this disease 7 . Strategies adopted to reduce measles mortality in Africa include routine vaccination with a national first dose coverage target of 90% 7, 8 in children under one year of age. This strategy is complemented with mass vaccination campaigns, case-based surveillance with laboratory support, and the correct diagnosis and treatment of cases 7, 8, 9, 10 . Around one million cases of measles were notified annually in the WHO/AFRO region in the early 1980s. After the implementation of measles control activities, estimated annual notification decreased to 300,000 cases in the 1990s and from 492,116 to 32,278 cases in the period 2001 to 2008 7 . During the latter period, 398 million children were vaccinated during campaigns in the region and routine first dose coverage increased from 57% to 73% 7 .
Measles vaccination was introduced in Mozambique in the late 1970s 4, 11 and is offered by the public National Health System network to children from the age of nine months 5, 11 . Vaccination campaigns were implemented in this country between July and September 2005 4, 5 , in October 2008 and in May 2011. The availability of data on vaccine coverage and disease occurrence provides the opportunity for in-depth analysis to obtain insights into disease control strategies.
The objective of this study was to analyze the measles situation in Mozambique with reference to disease control actions performed in the period 2000 to 2011 based on data from the country's information system. The ultimate aim is to analyze 7 and document the impact of vaccination strategies on measles morbidity and mortality over the last decade and contribute to better planning of future control actions.
Methods

Population and place of study
Mozambique is located in eastern Africa and borders South Africa, Swaziland, Zimbabwe, Zambia, Malawi, Tanzania and the Indian Ocean. The country has a population of 20,530,714 (2007 Census) and an area of 799,380Km² (population density of 25.7 inhabitants/Km²) divided into 11 provinces and 144 districts. Women account for 52.3% of the total population, and 23% of the population lives in urban areas. Four percent of the population is under one year of age and 44.5% is under the age of 15 years. The population growth rate of Mozambique in the last decade was 2.4% (Instituto Nacional de Estatística de Moçambique; http://www.ine.gov.mz, accessed on 20/Jun/2011).
Type of study
A descriptive and ecological study of secondary data was conducted to analyze measles vaccination coverage and cases recorded by the health information system during the period 2000 to 2011.
Data source and collection
The data used in this study was obtained from the national Health Information System (HIS) 4, 12, 13 . Data regarding vaccinated children and measles cases observed in outpatients and inpatient wards is compiled and recorded by individual Health Units (HU) and sent to the district health body on a monthly basis (in the case of vaccinations) and weekly basis (for cases of measles and deaths).
The measles vaccine is administered from the age of 9 months, and the calculation of routine vaccination coverage is based on the proportion of children under one year of age that receive the vaccine 14 . However, the age groups targeted by campaigns have varied over the years; in 2005, the target group was children aged nine months to 14 years, in 2008 it was children aged nine to 59 months, and in 2011 it was children aged six to 59 months.
Health Units use the Weekly Epidemiological Bulletin (WEB) 4 Population projections are made by the National Statistics Institute (NSI), an independent state organ of the Ministry of Health. National, regional and local measles control goals are stipulated by the Ministry of Health. A clinical and laboratory diagnosis of the disease is performed and cases are notified when fever and generalized exanthema is present together with one of the following symptoms: cough, coryza or conjunctivitis. A positive laboratory diagnosis of the disease is determined by the presence of IgM in a serum sample collected within 28 days after the onset of exanthema 15 . This current definition was introduced in 2006, when case investigation began with laboratory support. Previously, the clinical definition of measles was a high fever (102 to 104°F) with exanthema, accompanied by a cough, coryza or conjunctivitis 4, 5 . Data forms were reviewed to remove inconsistent and duplicated data 16 and vaccinations of individuals diagnosed with measles receiving the vaccine within 30 days prior to the collection of the serum sample were excluded 15 .
Data processing and analysis
The study analyzed trends and variations in measles vaccination coverage and incidence of cases The Global Moran's Index value generally varies between -1 to +1 17, 18 , where +1 indicates a high degree of clustering and -1 indicates a high degree of dispersion 18 . After detecting global spatial autocorrelation, Local Indices of Spatial Autocorrelation (LISA) were calculated to identify local clusters in districts 17, 18 . Tests of statistical significance of spatial autocorrelation were based on 999 permutations of the spatial configuration of the original map of the district under the null hypothesis of spatial homogeneity of coverage of the measles vaccine; the neighborhood matrix was determined according to spatial contiguity based on shared borders 16 .
Local indices were mapped to detect the spatial autocorrelation of coverage. Districts were clustered into five groups according to their statistical significance and location in the Moran Scatter plot quadrants: 0 for districts with statistically insignificant spatial correlation; Quadrant-1 for districts with high coverage rates and whose neighboring districts also have high coverage rates; Quadrant-2 for districts with low coverage rates and whose neighboring districts also have low coverage rates; Quadrant-3 for districts with high coverage rates and whose neighboring districts have low coverage rates; and Quadrant-4 for districts with low coverage rates and whose neighboring districts have high coverage rates 17 .
For mapping, crude measles vaccine coverage was classified into three categories: (1) coverage below 80%; (2) coverage from 80 to 95%; and The population of the middle of the period was that of 2008. Due to the high variability of incidence rates, especially in provinces where only a small population was at risk of contracting the disease, these rates were adjusted according to neighboring district rates using the Bayesian Empirical Rates 18 . A thematic map of crude incidence rates was elaborated. To differentiate districts, incidence rates were organized into the following categories: low (0-50%), medium (50-75%) and high (75-100%) and spatial autocorrelation analysis (Global Moran Index) was conducted according to these categories. Confirmed measles cases were characterized according to their distribution by age group, gender, place of residence and vaccination status.
Spatial analysis was performed using the software TerraView 3.2.0 (Instituto Nacional de Pesquisas Espaciais, São José dos Campos, Brazil; http://www.dpi.inpe.br/terraview) and statistical analysis was conducted using the software R version 2.11.1 (The R Foundation for Statistical Computing, Vienna, Austria; http:// www.r-project.org).
The study used secondary data and did not involve the direct participation of individuals. Before data collection, the research team received institutional authorization to access information and the project was submitted and approved by the research ethics committees of the Brazilian National School of Public Health/Oswaldo Cruz Foundation (document number 20/10) and of the Ministry of Health of Mozambique (document number 108/CNBS/2010).
Results
Routine vaccination coverage Table 1 shows that national routine vaccination coverage in children under one year of age was between 82% and 99% in the period 2000 to 2011. Although a slight increase in measles vaccination coverage occurred between 2000 and 2005, coverage of 95% was not attained. A large rise was observed in 2006 and in the following year measles vaccination coverage and stability reached 99%. In 2008, coverage dropped to 82%, followed by an increase to 95% in 2011. Trends in coverage varied according to province. Coverage in Niassa province, in the north of the country, was over 100% over practically the whole study period, whereas coverage in the City of Maputo, located in the south of the country, was consistently below 70%. Large variations were observed in vaccination coverage in the provinces of Tete and Manica in central Mozambique.
Vaccination coverage in the districts showed a clustered pattern (Figure 1 
, the proportion of districts with a crude coverage rate of less than 80% was 9.1% (13/143), and the Global Moran's Index was 0.26 (p < 0.05). The maps demonstrating spatial autocorrelation show that all provinces, except Manica, Sofala and Niassa, had districts with low coverage rates. In 2009, the proportion of districts where coverage was below 80% grew to 23.6% (34/144) and the Global Moran's Index was 0.22 (p < 0.05). The maps demonstrating spatial autocorrelation show that all provinces in the center of the country, except Manica and Sofala, had districts with low coverage rates.
Coverage in vaccination campaigns
Measles vaccination campaigns were conducted in 2005, 2008 and 2011. In the 2005 campaign, 8,189,378 children, equivalent to 97% of coverage of children aged 9 months to 14 years, were vaccinated. Rates across provinces varied between 86% in the City of Maputo to 103% in Zambezia province. In the 2008 campaign, 3,369,835 children aged nine months to four years, equivalent to 104% coverage, were vaccinated. Rates varied across provinces from 83% in Gaza to 138% in Manica. During the 2011 campaign, 3,985,564 children aged six months to four years, equivalent to 105% coverage, were vaccinated. The lowest coverage rate occurred in the province of Maputo (96%) and the highest rate was in the province of Sofala (117%).
Notification of measles cases and deaths
Health facilities notified 53,251 cases of measles and 320 deaths during the period 2003 to 2010. Sixteen percent (8, 363 ) of these cases were children aged under nine months, 29% (15, 324) were aged nine to 23 months and 56% (29,564) were over 23 months. Sixty-six percent (10,072) of children in the nine to 23 month age group were vaccinated. Twenty-seven percent of the 328 deaths * Districts with high coverage rates and whose neighboring districts also have high coverage rates; ** Districts with low coverage rates and whose neighboring districts also have low coverage rates; *** Districts with high coverage rates and whose neighboring districts have low coverage rates; # Districts with low coverage rates and whose neighboring districts have high coverage rates. Figure 2 ). Table 2 shows three periods of measles notification and three annual average notification rates. A total of 35,309 measles cases were noti- The average annual measles notification rate was 91.9 per 100,000 inhabitants in the period preceding the 2005 campaign. This rate fell to 1.2 per 100,000 inhabitants during the interval between the 2005 and 2008 campaigns and between the 2008 and 2011 campaigns the rate increased slightly to 9.1 cases per 100,000 inhabitants. While the highest average notification rate over the three periods analyzed by this study was recorded in Niassa province, the highest individual notification rates were recorded in the province of Tete in the first and last periods. The lowest average notification rate over the three periods was recorded in the province of Nampula. The least number of cases (2/1,492, equivalent to 0.1% of total cases) were recorded in the province of Cabo Delgado, followed by Nampula with 0.3% (4/1,492).
Case investigation
Incidence
With regard to the period 2006 to 2010, the national average annual crude incidence rate was 1.58 per 100,000 inhabitants. The median annual incidence rate by district was 0.15 (IQ: 0.00-1.43) per 100,000 inhabitants and the maximum rate recorded was 40.08 per 100,000 inhabitants. The highest incidence rates (over the 75th percentile) were recorded in districts in the provinces of Niassa, Tete, Manica, Gaza, Maputo and the City of Maputo. The majority of districts with high incidence rates border Mozambique's neighboring countries Tanzania, Malawi, Zambia, Zimbabwe, South Africa and Swaziland (Figure 4) . The spatial autocorrelation analysis of rates resulted in a Global Moran's index of 0.338 (p < 0.05), indicating spatial heterogeneity. The same spatial pattern observed for the crude rates was also found when rates were weighted according to the rates of neighboring districts using the Local Empirical Bayesian method. The average Local Empirical Bayesian rate was 1.41 per 100,000 inhabitants. Variation at the district level was 0.00 to 36.99 per 100,000 inhabitants.
Discussion
Significant advances have been made in controlling and eliminating measles around the world, including increased first dose vaccine coverage, implementation of mass vaccination campaigns, and reinforced measles surveillance through the investigation of cases and establishment of laboratories to confirm diagnoses 19, 20, 21, 22 . In Mozambique, routine data from public health services shows an increase in measles vaccination coverage. This increase in routine coverage is consistent with the results found in published coverage studies 23 , reflecting the country's efforts to control and eliminate measles as part of a regional and global response to the disease. The incorporation of spatial analysis of vaccine coverage showed clustering of districts. Crude average annual measles incidence per 100,000 inhabitants in the districts of Mozambique, 2006 Mozambique, -2010 these areas are likely to be more susceptible to measles infection 17 . It should be noted that it was difficult to determine the causes of the spatial patterns 24 and that the identification of these causal factors is an important step towards better decision-making and improving the implementation of measles vaccination programs in this country.
As in other countries, there was a displacement of cases in the young adult age group (20 to 24 years) because reduced viral circulation meant that non-vaccinated individuals, or those who failed to respond to the first doses of measles vaccine, remained susceptible to the disease when they reach adulthood. This group will continue to prove a challenge for measles elimination in Mozambique 25 .
Mass vaccination campaigns have an immediate impact on virus circulation, and the results achieved by these campaigns are sustained through routine activities 26 . A reduction in measles notifications after mass vaccination has also been observed in other parts of the world, such as Iran, Ethiopia and several European countries 27, 28, 29, 30 . The inclusion of a large target group in a nationwide vaccination campaign in Mozambique led to a greater reduction in susceptibility compared to the campaigns implemented in urban areas between 1997 and 1999 5 . Since Mozambique's population lives predominately in rural areas (77%) and relatively small urban centers (population < 300,000), measles control actions in this country should be improved in both rural and urban areas. The success of campaigns is also dependent upon reaching people with lack of access to vaccination services and those individuals who have not developed immunity to the disease after the first vaccination 30 , who are in turn responsible for maintaining the disease transmission chain.
Campaigns held in Mozambique achieved greater coverage because they employed the following specific strategies: allocation of outreach vaccination teams and mobile brigades to settlements located in remote areas; social mobilization programs directed at health care professionals, community leaders, teachers, journalists and the population in general, with the use of clear messages and specific communication media for each group; involvement of communities, private sector and non-governmental organizations in the preparation and implementation of campaigns; and major government commitment 31 .
A reduction in measles notifications was observed after campaign implementation 28, 29, 30 . Oscillations in average annual notification rates observed in Mozambique reflect variations in susceptibility between the periods compared by this study 26 30 . There were a significant number of confirmed cases whose vaccination status was not reported. The absence of vaccine documentation is a challenge to verifying vaccination status, especially in rural areas. A lack of documentation was also found in Ethiopia 29 . In such cases, self-reported vaccination history is an aid to evaluation of vaccination programs.
Case investigation with laboratory support shows that rubella and other causes of fever and exanthema have an important influence on the total number of suspected measles cases 32 . Progress made up to this stage in the elimination of measles provides a timely opportunity for an effective integration of rubella and measles control actions in this country 33 . This integration could be achieved through measles and rubella surveillance based on the syndromic approach which, according to Pan American Health Organization (PAHO)/World Health Organization (WHO), is defined by the presence of fever and exanthema or identification of a suspected case of measles or rubella by a health care professional 33 . Epidemiological information for both diseases serves to guide control actions and joint elimination. In the near future, the country should aim to introduce surveillance of congenital rubella syndrome and include the double viral vaccine (measles and rubella) in routine vaccination.
High measles incidence rates in districts bordering neighboring countries constitute a challenge for Mozambique 34 . The free movement of people due to a lack of border protection leads to the entry of individuals bearing the measles virus into the country. Coordinated actions between countries in the region are essential for the continent to achieve measles control and elimination 34 . Inside borders, special attention must be given to migrants, particularly those from countries with limited vaccination, and measles vaccination should be offered to individuals that cannot provide evidence that they have been vaccinated.
Despite high vaccination coverage in Niassa province over the analyzed period, various districts experienced high measles incidence rates. Nationally, the proportion of cases confirmed in vaccinated groups (15%) was higher than expected 35 . This study was not able to identify an explanation for the high rate of measles infection in vaccinated groups and it is necessary to evaluate the performance of vaccination programs and assess factors associated with individual vaccine failure 31 . In addition, routine vaccination coverage was inadequate in preventing measles outbreaks. Improvements in measles vaccination coverage through both routine immunization and campaigns aimed at achieving and maintaining > 95% homogenous coverage 35 are therefore recommended. Mass vaccination must include children from the age of six months, as 16% of cases of measles infection were in children under nine months of age. Data surveillance should be more completeness, as age and vaccination status were not reported in some notified cases. Despite the limitations of the routine data, the results of this study point toward a reduction of measles morbidity and mortality consistent with findings from studies of other African countries 20 . 
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